Introduction: It is difficult to determine if, or when, individuals with stroke are ready to undergo on-road fitness-to-drive assessment. The Occupational Therapy -Driver Off Road Assessment Battery was developed to determine client suitability to resume driving. The predictive validity of the Battery needs to be verified for people with stroke. Aim: Examine the predictive validity of the Occupational Therapy -Driver Off Road Assessment Battery for on-road performance among people with stroke. Method: Off-road data were collected from 148 people post stroke on the Battery and the outcome of their on-road assessment was recorded as: fit-to-drive or not fit-to-drive. Results: The majority of participants (76%) were able to resume driving. A classification and regression tree (CART) analysis using four subtests (three cognitive and one physical) from the Battery demonstrated an area under the curve (AUC) of 0.8311. Using a threshold of 0.5, the model correctly predicted 98/112 fit-to-drive (87.5%) and 26/36 people not fit-to-drive (72.2%). Conclusion: The three cognitive subtests from the Occupational Therapy -Driver Off Road Assessment Battery and potentially one of the physical tests have good predictive validity for client fitness-to-drive. These tests can be used to screen client suitability for proceeding to an on-road test following stroke.
Introduction
Stroke remains a leading cause of disability among people living in developed nations [1] . Despite many advances in acute medical care and rehabilitation, stroke generally produces lasting skill deficits of a physical, sensory, psychological, and/or cognitive/perceptual nature [2] . These skills are vital to enable performance in a range of activities of everyday living such as driving. Driving is a complex activity requiring the simultaneous integration of a range of cognitive and perceptual-motor behaviors [3] . For example, driving places considerable stress on an individual's attentional systems as it requires the driver to simultaneously process a variety of vital information in a changing environment [4] . The number and severity of impairments that people experience following stroke mean that many people will be required to relinquish driving, and others will simply give up [5] .
Cessation of driving can lead to negative consequences such as difficulties with accessing shops, banks, social activities, and health-care services [5, 6] . Social isolation, distress, and poorer health have also been directly associated with the cessation of driving post stroke [7] . These themes have been replicated in several subsequent studies, where people who have experienced stroke have reported feeling that their sense of autonomy and control had been compromised once forced to cease driving, and in turn this has negatively impacted their quality of life [8] [9] [10] [11] . Therefore, it is important to support people to return to driving following stroke, providing the individual poses the necessary physical, sensory, and cognitive skills.
International guidelines for the resumption of driving following stroke vary widely. In Australia, medical guidelines for fitness to drive [12] state that an individual should not drive for at least 4 weeks after a stroke. Similarly, guidelines in the UK mandate that anyone who has experienced a stroke or transient ischemic attack should not drive for 1 month [13] . In the USA, guidelines simply suggest that clients be assessed post stroke by a driver rehabilitation specialist [14] . Internationally, it is generally the case that if the stroke has resulted in significant deficits, then most licensing jurisdictions recommended that return to driving is dependent upon physician assessment or evaluation by a specially trained occupational therapy driver assessor (OTDA). However, with growing numbers of people who have experienced stroke requiring driver assessment, there has been increasing demand for researchers to identify assessments that are predictive of onroad performance, and therefore screen people who are and who are not suitable to progress to this form of assessment [7, 15] . While a test has not yet been identified that can accurately replace on-road testing, it seems that assessments that are highly predictive of on-road performance can be used to determine if and when a client is best suited to undergo the more expensive and time consuming on-road test, thus assisting OTDAs to manage waiting lists. Several studies have shown that following stroke, people are often poorly informed about driving assessment and have limited access to dedicated driver assessment and rehabilitation services [5, 16, 17] . The availability of off-road tests that are predictive of fitness-to-drive could also ensure that people who have experienced stroke are routinely assessed, and informed of their options and responsibilities.
While many individual assessments of cognition, perception, and vision are available for OTDAs to use, the Occupational Therapy -Driver Off Road Assessment (OT-DORA) Battery [18] [19] [20] [21] was developed to comprehensively screen a person's strengths and weaknesses, prior to an on-road assessment. The Battery includes an initial Interview, medical history, medication screen, four standardized sensory assessments, four standardized physical assessments, and three standardized cognitive/perceptual assessments. A further six standardized tests can be used if clinically indicated. For example, stroke clients should also be screened for unilateral neglect and the OT-DORA includes the Bell's Test [22] for this purpose. All standardized assessments are included as part of the Battery with permission from the various developers, except for the Mini Mental Status Examination [23] which can be purchased separately. The process of evaluating the psychometric properties of the OT-DORA Battery has begun on both the individual tests [24, 25] and the Battery as a whole [19] . Further work is required to validate the use of this Battery and specifically determine its predictive validity with a stroke population.
Despite more than 25 years of research on driver assessment for people with stroke, relatively few studies have examined the predictive factors associated with returning to drive for this group [3, 6, 7] . Given that 23 million people internationally expected to have a first-time stroke annually by the year of 2030 [26] and that many of these people will want to resume driving, it is vital to identify assessments that can predict on-road driving performance. The aim of this research was to examine the predictive validity of the OT-DORA Battery for on-road driving performance among people following stroke.
Methods

Participants
Over two 18-month periods, data were collected from consecutively referred, consenting clients presenting with a stroke to 11 OTDAs working either in a hospital-based driver assessment clinic or in private practice in Melbourne, Australia. In Australia, all clients who have had a stroke must receive medical clearance to resume driving. Therefore, if the stroke has been mild and full return of function achieved, many people are signed off by their physician as being able to resume driving with no further testing required. However, people who experience deficits are either advised to either undergo assessment with an OTDA, or screened and advised to wait for further return of function before proceeding to OTDA assessment. All clients met the licensing authority visual standards to participate in an on-road driving assessment. These were a visual binocular static acuity of 6/12 using a Snellen chart or equivalent and at least a 120-degree binocular visual field [12] . All clients had medical clearance to proceed to participating in OTDA testing. It is important to note that while medical clearance is required in some states (such as the one where this research was conducted) to proceed to driving assessment, this is in no way an indication of the capacity of the client to drive. Rather, it is a statement from a medical practitioner that the client is medically stable and ready to undergo driver evaluation. All OTDAs had over 5-year practice experience in assessing clients in return to driving following stroke. A variety of driving instructors were also involved in the study; however, their role was to ensure the safety of the vehicle and its occupants and they were not directly involved in the fitness-to-drive recommendation which was made by the OTDA.
Instruments
OT-DORA Battery
The OT-DORA Battery was administered with all clients. The sensory screen includes Visual Acuity (Snellen chart or equivalent), Visual Confrontation Test [27] , Motor Sequences Screen-Selected [28] , and Test of Proprioception -Lower Limb [29, 30] . The physical screen includes the Berg Balance Scale (BBS) [31] , the Motricity Index (MI) [32] , Simulated Accelerator Brake Test (SABT) [33] , and Right Heel Pivot Test [34] . As the Right Heel Pivot Test was found to be predictive of return to driving in this research it is briefly described. In this test, the client is asked to pivot the right heel from the right to left side, tapping their toe 15 times in total as they pivot (8 to the right side and 7 to the left). The time taken to perform this test in seconds is recorded). All three cognitive screening tests included in OT-DORA were also found to be predictive of return to driving in this research, and therefore these tests are described in detail. The Road Law Road Craft Test comprises 14 items and scores range from 0 to 37 (with 0: impaired road law knowledge and 37: full road law knowledge) [21] . The Occupational Therapy-Drive Home Maze Test (OT-DHMT) [24, 25] is measured in seconds with a lower score indicating a faster/better time through the maze than a higher score, and scores less than 100 s suggesting return to driving is possible across all client groups. Different cut points are under development for different client groups such as clients with stroke, as developed in this paper. The Mini Mental State Examination [23] is scored from 0 to 30, with 0 indicating severe cognitive impairment and 30 suggesting no cognitive impairment. The Mini Mental State Examination is one of the most commonly used assessments to predict return to driving [35] . The OT-DORA Battery can generally be completed in under 90 min.
On-road assessment
The on-road assessment was undertaken in a dual controlled test vehicle. A driving instructor was present in the front passenger seat, and was responsible for vehicle safety as well as providing instructions to the client. The OTDA sat diagonally behind the driver. Drive time ranged from 30 to 90 min, and followed a set route on a public road with a full range of traffic conditions and intersection types. The drivers did not undertake the same test route; however, all drives were comparable in terms of maneuvers required and length of driving time. Given the variability in traffic situations encountered during any given drive, it is not possible to standardize an on-road assessment in the real driving environment. However, each driver's performance was scored in a standard manner at pre-determined points along the route using a checklist. The outcome of the assessment process was classified as: fit-to-drive which included the subcategory of fit-to-drive with conditions (such as driving only during daylight hours, only driving a car with automatic transmission, or driving within a certain radius from home), or not fit-to-drive.
Procedure
Hospital and university ethical approval was sought and gained for the study. The OTDAs consented consecutive clients into the study, and forwarded a copy of the completed OT-DORA Battery and resulting fitness-to-drive recommendation from the on-road assessment to the researchers.
Analyses
Initially, exploratory data techniques were used to describe the sample, and participants were classified as fit-to-drive (including a subcategory of fit-to-drive with conditions) or not fit-to-drive. Analysis was then conducted in the R statistical programing environment [36] , utilizing the rpart and caret [37] packages for CART and cross-validation functionality, respectively. The subtests of the OT-DORA Battery were employed as candidate predictors, with the goal of classifying driving test pass or fail status. The key hyper-parameter of CARTs is the "complexity parameter" (cp), which determines the size of tree grown. Too low a value of cp will yield an overfit model, and too high a value of cp will result in under-fitting. Ten-fold cross-validation was used to select cp based on maximizing the area under the curve (AUC) incorporating both sensitivity and specificity.
Results
Data were collected with 148 clients who had a primary diagnosis of stroke. Demographic information for the sample, mean scores on the physical, and cognitive tests which were found to be predictive of return to driving in the CART analysis, and fitness-todrive outcomes are presented in Table 1 . The majority of participants with stroke (n ¼ 112, 76%) were reported as able to resume driving, and 60 (54%) of these were recommended to hold a conditional license. The CART model is presented in Figure 1 . The fit-to-drive decision for clients post stroke could be explained by knowledge of the client's total scores for the Road Law Road Craft Test, OT-DHMT, Right Heel Pivot Test, and the Mini Mental State Examination. For example in Figure 1 , following the right branch of the tree from node 1, drivers generally pass if their Mini Mental State Examination score is greater than 27.55. Following the left branch to node 2 for drivers who score less than a Mini Mental State Examination score of 27.557, drivers generally fail the on-road assessment if their Road Law Road Craft Test score is also less than 20.5. However, following all the right branches from node 2, it can be seen that drivers with a Road Law Road Craft Test score of over 20.5 generally pass even if their Mini Mental State Examination score is less than 26.975, providing their OT-DHMT is faster (lower) than 33 s. The optimal determined value of cp was 0.027. The CART had an associated area under the curve of 0.831. Using a threshold of 0.5, the model correctly predicted 98/112 clients who passed (87.5%) and 26/36 of the clients who failed (72.2%). The final nodes of the tree are based on the smallest subsets of the data. The final split for the Right Heel Pivot Test for slower times was not expected, as it would be expected that faster times would be a better predictor of driving performance. While this issue is explored in the Discussion section, it is of note that the mean score on the Right Heel Pivot Test for the drivers who passed was 7.7 (SD: 2.949) and 6.7 s (SD: 2.667) for those who failed, which was not significantly different (independent samples t-test; t(122) ¼ -1.841, p ¼ .068).
Discussion
This research examined the off and on-road fitness-to-drive assessment results for a sample of people who have experienced stroke, and the predictive validity of the OT-DORA Battery for on-road performance. It was found that scores on the three cognitive subtests Mini Mental State Examination, Road Law Road Craft Test, OT-DHMT, and potentially the Right Heel Pivot Test could be used in combination to predict driving outcomes. Of the total sample, 60 (41%) were recommended to hold a conditional license such as day time driving only, or driving in a local radius of 5 or 10 km. This supports the notion that OTDA assessment aims to keep people with stroke driving for as long as possible, for those who are safe to do so. These conditions are designed to minimize and manage risk of crash, while supporting and promoting people to be able to access their local community and support people to live at home for as long as possible.
In Australia, medical guidelines state that an individual should not drive for at least 4 weeks after a stroke [12] . In addition, if the stroke has resulted in significant deficits, it is recommended that return to driving is dependent upon physician assessment or evaluation by a specially trained OTDA. With an ageing population, and given that increasing age is a risk for stroke [1] , a rise in the number of individuals who experience a stroke is expected. This in turn may lead to an increasing reliance on off-road assessments to manage wait lists by determining which clients, or when clients are ready for on-road assessment. It is not our position that these off-road assessments should replace on-road assessments for the majority of clients, but rather that the results from this study could be used to identify the small number of clients who cannot undergo testing, and for others to guide the timing of the driver assessment process. The resumption of activities of daily living post stroke can occur over a long period of time while the person with stroke understands, adapts and compensates for their deficits. Given the finding from this research that most clients will be classified as "not fit-to-drive" if their Mini Mental State Examination score is less than 27.5, their Road Law Road Craft Test score is less than 20.5, and their OT-DHMT is slower (greater) than 33 s, this suggests that the client's driver assessment should be delayed until recovery of skills in these areas is seen. Using these scores from the cognitive screening tests in the OT-DORA Battery could help to facilitate more effective waiting systems for driver assessment services, and save costs for clients who may be unnecessarily assessed on-road at the wrong point in their recovery process. The findings from the CART analysis also suggested that slower times on the Right Heel Pivot Test may also support an understanding of drivers who are more likely to pass the on-road assessment. This was unusual as it is generally believed that faster times pivoting the heel would be predictive of driving skill. However, as noted in the Results section, the final nodes of the tree are based on the smallest subsets of the data, and therefore this division is based on only 20 clients. Furthermore, the difference in Right Heel Pivot Test for clients who passed and failed the on-road test was not significantly different, suggesting that further research be undertaken on the Right Heel Pivot Test before this subtest be used to support which clients are ready to participate in on-road testing.
In Australia, very limited data are available to describe return to drive rates post stroke. It is possible that the guidelines mandated by Austroads [12] are not always followed, and that clients may decide to continue to drive or refrain from driving based on inadequate information, as has been shown to occur internationally [5, 16, 17] . Such drivers may not be insured if they are involved in a crash. It is also possible that physicians do not have adequate information when making recommendations and should refer more clients to OTDAs for screening and on-road assessment. Hence, there is a need to further investigate if clients are informed of their responsibilities and obligations concerning resuming driving, and that there is equity in access to specialized services such as occupational therapy driver assessment. Use of appropriate screening tool such as the OT-DORA Battery could help to facilitate this by prioritizing client caseloads. Therefore, the OT-DORA Battery can be used as part of the screening process to identify drivers who are ready to proceed to testing, as well as being used as part of the testing process itself [18] .
Limitations and directions for future research
This research has examined driving outcomes for a relatively small sample of Australian clients presenting for driver assessment post stroke. However, this sample is comparable or larger than many other studies of clients with stroke that include both off-road and on-road testing [3, 15] . While the return-to-driving rate of 76% is similar to that of international studies [5, 16, 17] , larger data-sets are required to confirm these results and ensure that the modeling presented holds true with larger sample sizes. In particular, larger samples of clients who fail the on-road assessment are required. It is possible that the return-to-driving rates from the literature and the current study are reflective of conservative screening of people with stroke before they have the opportunity for assessment with an OTDA. It is possible that people are being advised that they will be unsuccessful and therefore do not even attempt the assessment and rehabilitation process. Stapleton [38] also reported conservative prescreening of drivers following stroke, potentially leading to a lower number of clients progressing to on-road testing than clinically indicated. As noted earlier, giving up driving has many flow-on effects [17] , and individuals typically feel that their sense of autonomy and control have been compromised [17, 39] . In addition, data were not collected on the type or severity of the stroke experienced by clients in the sample. As all of the sample of clients in this study underwent their driving assessment once they had returned to community living, and any medical referral information was very brief, it was not possible to obtain reliable details of the client's stroke, nor any severity scores that may have been collected. Finally, length of time between stroke onset and client driver assessment was not recorded, since many clients were seen in community settings with no access to client medical records. Length of time from stroke onset to assessment may have varied widely between clients and these data should be monitored in the future.
Conclusions
Driving has long been identified as a valued activity of daily living for older people [40] and many people who have experienced stroke want to resume to this activity [11] . With the pressure and demand for OTDA services forecasted to rise, it is vital that we establish the predictive validity of off-road assessments, so they can be used to determine the suitability of clients for on-road testing. OTDAs and other driving specialists can use the OT-DORA Battery cognitive tests, and potentially the Right Heel Pivot Test, to guide client suitability for participating in an on-road assessment.
